Aedes aegypti and Aedes albopictus are competent vectors of arboviruses such as dengue and 20 chikungunya viruses which co-exist in some areas including La Réunion island. A kind of 21 reproductive interference called satyrization has been described in sympatric species where a dominant 22 species tends to control the spread of the other species. Here, we investigated satyrization in laboratory 23 experiments to provide insights on the potential impact on Ae. aegypti of a control campaign including a sterile insect technique component against Ae. albopictus. Different mating crosses were used to test 25 sympatric, conspecific-interspecific and allopatric effects of irradiated and non-irradiated male Ae. 26 albopictus on female Ae. aegypti, including in a situation of skewed male ratio. Our results suggest 27 that there was only a low level of satyrization between sympatric populations of Ae. aegypti and Ae. 28 albopictus colonised from La Réunion island. A male Ae. albopictus to female Ae. aegypti ratio of 3:1 29 did not increase the level of satyrization. Female Ae. aegypti previously mated to male Ae. albopictus 30 were not prevented from being inseminated by conspecific male Ae. aegypti. A satyrization effect was 31 not seen between allopatric Ae. albopictus and Ae. aegypti strains from La Réunion Island either. The 32
INTRODUCTION 38
Aedes albopictus (Skuse), the Asian tiger mosquito, has been invasive in many parts of the world since 39 the 80s (Benedict et al. 2007) . Aedes aegypti (Linnaeus), also called the yellow fever mosquito and 40 originating from Africa, is a highly invasive, medically important mosquito species which has 41 received a considerable increase in attention after being linked to the Zika outbreak in Brazil in 2015 42 authority (Agence Régionale de Santé Océan Indien) and the regional office of Santé publique France 51 on La Réunion island (WHO 2019) . 52
The heavy reliance on insecticides to control adult Aedes mosquitoes, especially during disease 53 outbreaks, has led to the emergence of widespread resistance to these chemicals, making traditional 54 control strategies insufficient to achieve adequate reduction of vector populations. The use of 55 insecticides is also inefficient against these container-breeding mosquito species with disseminated 56 larval habitats. Therefore, complementary vector control methods are needed to enhance existing 57 efforts (WHO 2017). Amongst those being advocated is the sterile insect technique (SIT), a species-58 specific and environmentally-friendly pest population control method which relies on maintaining a 59 continuous production and repeated release of over-flooding numbers of sterile males (Knipling, 1959) vectors of human viruses, one would consider the best approach to guarantee successful suppression or 69 elimination of both species. The best scenario would be the release of one species which was able to 70 also readily mate with and induce sterility in the other species (Honma et al. 2019 ). This phenomenon 71 is known as reproductive interference or satyrization, in which males of one species mate with and 72 sterilize females of another species, and in this way contribute to its displacement from the shared area 73 (Ribeiro 1988 
Mosquito strains, rearing and irradiation conditions 106
The Ae. aegypti strain used in this study originated from field collections on La Réunion island. 107 of Nuclear Sciences and Applications, the Ae. albopictus La Réunion island strain was then 110 maintained at the IPCL for several generations before these experiments were performed. In order to 111 perform different mating crosses, Ae. albopictus strains from China (Guangzhou wild type strain, 112 provided by Wolbaki) and Italy (Rimini strain, provided by Centro Agricoltura Ambiente (CAA)) 113
were maintained in parallel. 114
All the strains were reared in 30 × 40 × 10 cm trays at a density of 1 first instar larvae (L1) per mL 115 under controlled temperature, humidity and lighting conditions (T= 26± 2 °C, 70± 10 RH%, 12:12h 116 light: dark, including 1h dawn and 1h dusk). Larvae were fed with IAEA larval diet following the 117 protocol described in the Guidelines for routine rearing (IAEA 2017). Pupae were collected and 118 separated using a glass plate sorter (Focks 1980) . 119
Male pupae were irradiated between 36 and 44 hours of age with 40Gy using a Gamma Cell 220 120 (Nordion Ltd, Kanata, Ontario, Canada) emitting a dose rate of 90Gy/min. 
Réunion island 124
Male Ae. aegypti and Ae. albopictus were irradiated and crossed with female Ae. albopictus and Ae. 125 30min with 10min reheating of the blood sausage in between feedings) on two consecutive days when 133 they were 5-6 days old. Each of the females was transferred to an individual drosophila tube 134 containing a cone of seed germination paper (Grade 6, Size: 580 × 580mm, Weight: 145 g/m 2 , 135 Sartorius Stedium Biotech) and 10mL of water. Females were given 3 days to lay eggs and then 136 dissected to determine their insemination status under a stereomicroscope (40 × magnification). Before 137 dissection, females were kept in labelled 50mL Falcon tubes (WWR, Germany) in a refrigerator at 138 4°C, and samples held in a cold box containing ice to avoid desiccation while other samples were 139 being dissected. 140
Virgin Ae. aegypti and Ae. albopictus females of the same batch were offered blood meals and were 141 also placed in individual egging tubes to assess their egging capacity. 142
All eggs were collected, dried for 7 days in the laboratory and allowed to hatch for 20 h with a 143 hatching solution made of 0.25 g of CM 0001 Nutrient Broth (Oxoid, Hampshire, UK) and 0.05 g of 144 yeast diluted in 0.7 L of deionized water (Zheng et al. 2015) . 145
The number of female mosquitoes still alive after 7 days together with males was recorded for each 146 replicate and survival rate was compared with survival in the conspecific Ae. aegypti mating control. To assess whether an increase in male to female ratio would favour satyrization, female Ae. aegypti 150 mosquitoes from La Réunion island were allowed to mate with male Ae. albopictus in a male: female 151 ratio of 3:1 corresponding to 75 male Ae. albopictus and 25 female Ae. aegypti. Three day-old males 152 and females were held in 15 × 15 × 15 cm BugDorm cages (MegaView Science Co. Ltd., Taiwan) for 153 7 days. The crosses were performed using irradiated males (4 replicates) and non-irradiated males (7 154 replicates). Females were then dissected to check their insemination status as described above. This 155 experiment was carried out in parallel with Experiment 1 and results of mating crosses could be 156 compared to the insemination rates obtained with a 1:1 male: female ratio (50 males × 50 females).
To assess whether female Ae. aegypti that were pre-exposed to male Ae. albopictus could re-mate with 160 their conspecific male Ae. aegypti, 4 to 5 day-old female Ae. aegypti (La Réunion island strain) were 161 pre-exposed to irradiated and non-irradiated male Ae. albopictus (La Réunion island strain). Females 162 were removed after 7 days and were offered to irradiated and non-irradiated male Ae. aegypti (La 163 Réunion island strain) for another 7 days. Females were then blood fed for 2 consecutive days and 164 eggs collected before females were dissected under a microscope to determine insemination status. We 165 hypothesized that if female Ae. aegypti were inseminated by non-irradiated Ae. albopictus males, they 166 would not be able to lay fertile eggs even if they had a blood meal. 167
Fifty adults were included in each cross in a 1:1 male: female ratio in Bugdorm cages (15 × 15 × 168 15cm) (MegaView Science Co. Ltd., Taiwan). 169
An experimental design was used which ensured that female Ae. aegypti that were pre-exposed to 170 male Ae. albopictus, had not been inseminated ( using the same number of males and females for each strain. The number of females that were the interspecific crosses and to the conspecific control crosses. Egg hatch was performed as described 188
for Experiment 1 for batches that were collected from females mated with non-irradiated males. t-test was performed to compare egg hatch between pre-exposed and non-exposed females (Pre-200 exposure effect on mating success experiment). Interspecific mating was more detrimental to female Ae. aegypti survival than to Ae. albopictus (Table  228 2, p<0.0001). 229
230
Experiment 2. Effect of male Ae. albopictus density (ratio) on female Ae. aegypti mating success 231
Increasing the ratio of male: female to 3:1 in favour of male Ae. albopictus did not significantly 232 increase the satyrization effect on female Ae. aegypti (La Réunion island) judged by insemination rates 233 for both non-irradiated (t-test, ratio 1:1: mean (± SE) =0±0%, n=28, ratio 3:1: mean (± SE) =2±0.1%, 234 n=169, p=0.26) and irradiated (t-test, ratio 1:1: mean (± SE) =0±0%, n=41, ratio 3:1: mean (± SE) =0±0 %, n=101, p=1) male Ae. albopictus. All these crosses had negligible insemination rates 236 compared to conspecific mating (controls) (F (7, 21) = 272.8, p˂0.0001). 237 238 Experiment 3. Pre-exposure effect on mating success 239 When female Ae. aegypti were pre-exposed to non-irradiated or irradiated male Ae. albopictus, there 240 was no insemination (Figure 3 . C5: mean (± SE) =0±0%, n=90, and C6: mean (± SE) =0±0%, n=121) 241
whereas groups of females that were pre-exposed to male Ae. albopictus were inseminated by their 242 male Ae. aegypti conspecifics (Figure 3 . C7: mean (± SE) =100±0%, n=106, and C8: mean (± SE) 243 =95.99±0%, n=146). No difference in female insemination rates was observed between pre-exposed 244 and non-exposed females (p=0.27) or between pre-exposed females and controls (Figure 3 . C1-3 vs 245
C7-8) (p > 0.05). 246
Female Ae. aegypti that were pre-exposed to male Ae. albopictus successfully laid fertile eggs when 247 they then mated with their male Ae. aegypti conspecifics, and mean egg hatch was lower but not 248 significantly different between the non-exposed (mean (± SE) =95.99±0.008%) and pre-exposed 249 females (mean (± SE) =91.61±0.02%) (t-test: t=2.0576, df=4, p=0.1). 250 251
Experiment 4. Effect of geographic origin on mating success (allopatric crosses) 252
A greater female insemination rate was observed when conspecific mating was compared to the 253 interspecific mating groups, regardless of the male origin or irradiation status (Table 3 , F (13, 23) = 254 229.1, p˂0.0001). Neither geographic origin nor irradiation status of male Ae. albopictus had an 255 impact on female Ae. aegypti insemination rate, confirming the conclusion that allopatric and 256 sympatric effects were similar when the La Réunion island strain of Ae. aegypti was used in these 257 experiments (Table 3 , p>0.05). 258
DISCUSSION 263
The objective of this study was to assess the level of reproductive interference between male Ae. 264 albopictus and female Ae. aegypti and to discuss the strategy of management of the two vector species 265 in a sympatric area. In laboratory conditions almost no satyrization effect was observed between 266 sympatric populations of Ae. aegypti and Ae. albopictus colonised from La Réunion island, even when 267 the male Ae. albopictus to female Ae. aegypti ratio was increased to 3:1. Female Ae. aegypti 268 previously mated to male Ae. albopictus were not prevented from being inseminated by conspecific 269 male Ae. aegypti. Satyrization did not occur between allopatric Ae. albopictus and Ae. aegypti strains 270 from La Réunion island either. An Ae. aegypti strain from La Réunion island has therefore developed 271 full resistance to satyrization (anti-satyrization behavior). even an increase in ratios in favour of male Ae. albopictus did not significantly increase insemination 280 of female Ae. aegypti. One study has pointed to the implication of population density on mating 281 behavior (Marcela et al. 2015) , which found that male density significantly increased swarming 282 behavior, number of mating pairs, and egg production of hetero-specific females, but not female 283 insemination. They also found that Ae. aegypti males mate more readily with hetero-specific females 284 than do Ae. albopictus males and so if Ae. aegypti were released into the field they may mate with 285 both Ae. aegypti and Ae. albopictus females, and reduce populations of both species by preventing 286 offspring. There is no evidence that this would be the case on La Réunion island since we observed 287 low reproductive success when crosses were performed in both directions. In addition, we observed 288 that interspecific mating was detrimental to female Ae. aegypti survival. It has been previously 289 documented that interspecific copulation and hybridization can reduce female reproductive success, 290 but interspecific sexual harassment, which does not always result in interspecific copulation, can also 291 adversely affect individual reproductive success and longevity by suppressing both sugar and blood 292 feeding (Soghigian et al. 2014 ). In white butterflies (Leptidea spp.), for example, the prolonged mating 293 ritual of hetero-specific males decreases the number of opportunities that females have to mate with 294 conspecific males even when interspecific copulation does not take place (Friberg et al. 2013) . 295
Similarly, in bean weevils (Callosobruchus spp.), males persistently chase hetero-specific females, 296 causing reductions in the oviposition rate and shortened longevity of these females (Kishi et al. 2009 ). 297
Ae. aegypti females pre-exposed to male Ae. albopictus were able to be inseminated by their 298 conspecific male Ae. aegypti demonstrating that the La Réunion island Ae. aegypti strain has 299 developed a resistance to satyrization. Carrasquilla and Lounibos (2015) have showed that Ae. aegypti 300 females, previously exposed to Ae. albopictus males, were rendered refractory to subsequent 301 conspecific mating even when their spermathecae contained no hetero-specific sperm. Additional 302 experiments demonstrated transfer of labelled semen from Ae. albopictus males to Ae. aegypti females 303 and low production of viable eggs of females housed with conspecific males, following exposure to 304
Ae. albopictus males, and confirmed higher incidence of satyrization than expected, based on hetero-305 specific insemination rates. We did not observe this result after pre-exposing Ae. aegypti females to 306
Ae. albopictus for 7 days before replacing male Ae. albopictus by male Ae. aegypti mosquitoes. It has 307 been shown that interspecific pairs needed more time together before mating occurred. Bargielowki et 308 al. (2015) found that when female Ae. aegypti were exposed for up to 3 weeks, interspecific 309 insemination increased significantly from 1 % after 1 day, to 10% after 1 week and to more than 50% 310 after 3 weeks. However, assuming that most released sterile males will survive around 1 week in the 311 field, it is unlikely that most released males would be able to find and mate with females after 3 weeks aegypti populations. It would be more beneficial to suppress the species with the smallest population, In our study, female Ae. aegypti pre-exposed to male Ae. albopictus produced eggs which had similar 318 egg hatch when re-mated with their conspecifics, meaning that females had not been inseminated by 319 the Ae. albopictus males. Those females which later mated with their conspecifics and laid eggs were 320 apparently fully fertilized by conspecific sperm. However, it has been shown that the satyrization 321 effect could be underestimated when evaluation of mating status of females is based on whether the 322 spermathecae were filled with sperm or not (Carrasquilla and Lounibos, 2015) . It therefore cannot be 323 ruled out that some females might have been inseminated when pre-exposed to Ae. albopictus based 324 on the variation observed in egg hatch. Bargielowski et al. (2015) demonstrated that multiple 325 inseminations can occur in older female Ae. aegypti when the effects of accessory gland proteins have 326 worn off, and in females mated to sperm-depleted males. In any case, hetero-specific sperm is known 327 to be stored in separate spermathecae (Bargielowski et al. 2015) and so was presumably not 328 significantly used for egg fertilization. 329
Allopatric Ae. albopictus males did not perform better than sympatric males and anti-satyrization 330 effects seem to protect against allopatric populations. This shows that resistance to one strain confers 331 Réunion island ravines as opposed to urban environments could be due to some genetic differentiation 338 from domestic subspecies. Lounibos and Juliano (2018) have recently pointed out that the feral 339 subspecies Ae. aegypti formosus is expected to behave differently than the domestic subspecies but 340 populations of this species from Madagascar, La Réunion island and Mayotte have not been tested yet 341 for genetic distinctiveness from Ae. aegypti (aegypti) to the best of our knowledge. In any case, a When considering a regional approach for Aedes control using the SIT, compatibility of strains as well 345
as species may be important as it would allow strains to be imported for release from nearby countries 346
where they can be more easily reared and/or irradiated. 
